1 A preliminary report of this work was presented at the annual meeting of the Society of American Bacteriologists, Chicago, Illinois, May, 1958. 2 Part II, "A comparison of the methods for the enumeration of the coliform group organisms," of this series appears in At present, two species of enterococci are recognized in Bergey's Manual of Determinative Bacteriology, (Breed, Murray, and Smith, 1957) . Streptococcus zymogenes and S. liquefaciens have been designated as varieties of S. faecalis. Streptococcus dutrans remains as a separate species.
Enterococci have been demonstrated to be present in a variety of frozen foods and have received considerable attention in the past few years because many of these organisms are able to tolerate high concentrations of salt, temperature and acid conditions that are important in food preservation; however, little or no information is available as to the species of enterococci present. This investigation was undertaken to determine the species of enterococei present in frozeni meat pies.
MATERIALS AND METHODS
A bacteriological survey was conducted on commercially frozen meat pies produced by various processors and obtained from retail outlets in Omaha, Nebraska. The enterococci investigated in this study were isolates from these various frozen meat pies.
Samples of the frozen meat pies for bacteriological analysis for the enterococci were removed by using a stainless steel cheese trier which was previously sterilized by dipping into alcohol and then flaming in a Bunsen burner. The sample was placed into a sterile Waring Blendor and sterile 2 per cent peptone water was added to give a 1: 10 dilution by weight. The samples were blended for 3 min. The Most Probable Number (MPN) method of Litsky et al. (1953) was used for the enumeration of the enterococci. The MPN was obtained by adding 10-, 1-, 0.1-, 0.01-, and 0.001-ml portions of the blended suspension to sets of five replicate azide dextrose broth tubes (AD). After 48 hr incubation at 35 C, 0.1-ml samples from the positive AD tubes were transferred into ethyl violet azide broth tubes (EVA) for confirmation. The EVA tubes were incubated for 48 hr at 35 C. Turbidity and the formation of a purple button on the bottom of the EVA broth tubes was coinsidered to be a positive confirmatorv test.
All positive EVA broth tubes of the highest dilution were separated out and transfers made to brain heart infusion broth. Streaks were made from the brain heart infusion broth on blood agar plates for the purpose of obtaiining well isolated colonies and also to determine hemolysis. Separate colonies were picked and transferred back into brain heart infusion broth. These were kept as stock cultures. The stock cultures were subjected to the requirements first specified by Sherman (1937) which consisted of the following: (1) growth at 45 C; (2) growth at a pH of 9.6; (3) growth in the presence of 6.5 per cent sodium chloride; (4) growth in the presence of 0.1 per cent methylene blue.
If the organisms grew under these four conditions, they were considered to be members of the enterococcus group.
Additional tests were also conducted for the determination of hemolysis and gelatin liquefaction. Fifteen per cent human blood in blood agar base (Difco)3 was used for the detection of hemolysis. Stabs were made in nutrient gelatin (Difco) for the determination of gelatin liquefactioni. Potassium tellurite tolerance was determined on blood agar containing 15 per cent human blood and a potassium tellurite concentration of 1: 2500. Fermentation reactions were determined by using purple broth base (Difco) with a 1 per cent carbohydrate concentration.
RESULTS AND DISCUSSION
A total of 93 frozen meat pies was examined for the presence of enterococci by using the MPN method. An examination of the results tabulated in table 1 indicates that poultry meat pies and beef meat pies contained a larger number of enterococci than did the tuna meat pies. The tuna meat pies contained a relatively low level of enterococci.
Colonies were isolated from the positive EVA tubes of highest dilution. These isolates were subjected to the requirements for enterococci as specified by Sherman, as were so variable that it should not be relied upon for the identification or separation of the organisms. Oxnly S. faecalis var. zymogenes gave a consistent j3-hemolysis on horse blood agar whereas the other organiisms varied in their hemolytic ability. Lake et al. (1957) stated that S. durans was ,B-hemolytic but that this propertv was easily lost. A few of the isolates, which were later identified as S. faecium, demonstrated a slight a-hemolysis on sheep blood agar plates only.
Streptococcus faecalis var. liquefaciens was separated from S. faecalis on the basis of the ability to liquify gelatin. Of the 307 isolates, 102 demonstrated the production of gelatinase and were classified as S. faecalis var. liquefaciens. A number of investigators (Skadhauge, 1950; Shattock, 1955; Ingram and Barnes, 1955; Barnes, 1955; Lake et al., 1957; Farraro, Appleman, and Severens, 1958; Keruluk and Merritt, 1958) have presented data for the reintroduction of the species S. faecium (OrlaJensen, 1943 ) as a species separate from S. faecalis and its varieties S. faecalis var. zymogenes and S. faecalis var. liquefaciens.
Streptococcus faecalis and its varieties were separated from S. faecium by the fermentation reactions of arabinose, melibiose, and sorbitol. the lack of tolerance to 0.04 per cent potassium tellurite in blood agar and the reduction of tetrazolium (2,3,5-triphenyltetrazolium chloride) in a special phytone medium. The enterococci which were isolated in this study and streaked on the surface of the phytone-tetrazolium medium produced variable reduction of the tetrazolium salt. The colonies varied from a bright red to colorless. The bright red colonies (complete reduction) were later identified as S. faecalis; the violet (partial reduction) to colorless (no reduction) were always tellurite sensitive and were identified as S. faecium. These results are in agreement with findings of Ferraro et al. (1958) .
The order of frequency of occurrence of the identified enterococci was tabulated under the differeint frozen meat pies manufactured by various processors. The results are recorded in table 3. The examination of the results indicates that the tuna meat pies were the only meat pies from which S. faecium could be isolated. Canned tuna is used in the manufacture of frozen tuna meat pies and the product is heat processed. Therefore, the occurrence of S. faeciumn might well be a contaminant which was introduced at the time of preparation of the tuna for the meat pies. However, additional investigations must be conducted to substantiate these findings.
SUMMARY
A total of 307 isolates of enterococci was obtained from frozen chicken, turkey, beef, and tuna meat pies manufactured by various processors. All isolations were made from the highest dilution of ethyl violet a7ide broth tubes demonstrating a positive test in the MIost Probable Numbers method. All of the isolates met the requirements of the classification for enterococci as described by Sherman in his monograph of 1937. Each isolate was identified. There were no isolates which were identified as Streptococcus durans or Streptococcus faecalis var. zymogenes. The bacteria of the eniterococcus group isolated from various frozen meat pies are listed in decreasing order of greatest recovery: Streptococcus faecalis, Streptococcus faecalis var. liquefaciens, and Streptococcus faecium.
This investigation also supports the view that S.
faecium is a separate and easily identifiable species of enterococci and should have separate individual status from that of S. faecalis.
